A heterojunction is a key structure for constructing ele ctronic and optical devices. For instance, ZnO/(Mg,Zn) 0 multiquantum wells4) and the p-n junction composed of p -SrCu2O2/n-ZnO5) have been fabricated for optical applica tions. In view of these applications, there is a need for more data on optical properties of ZnO films grown on various materials. The optical properties of ZnO thin films are deter mined from transmittance, reflectance and photolumines cence (PL) measurements. In a recent study, ellipsometry was used to analyze the optical properties of ZnO films.6) PL measurements are often used to investigate the crystal qual ity of ZnO. In this study, the optical properties of ZnO films grown on TbAlO3 single crystals were investigated using PL measurements. TbAlO3 is perovskite-type rare-earth aluminate and is expected to be an efficient phosphor material or visible laser material. Strong Tb3+ion emission (yellow-green) at room temperature has been reported for TbAlO3 single crystals.7) In the case of PL measurements of ZnO/TbAlO3 heterostructures, the emissions from TbAlO3 are observed when the ZnO layer grown on TbAlO3 is very thin. In order to obtain accurate optical data on ZnO films, it is important to estimate the penetration depth of excitation light. In this study, the ZnO films with various thicknesses were grown on TbAlO3 single crystal substrates, and the emission intensity of TbAlO3 was investigated using PL measurement in order to determine the penetration depth of excitation light.
Experimental
The The films were characterized by X-ray diffraction (XRD) and tapping-mode atomic force microscopy (AFM). Pho toluminescence spectroscopy was performed using a He-Cd laser with an excitation wavelength of 325nm as a light source. The laser power was approximately 8mW.
Results and discussion
All the films obtained in this study were colorless. Figure 2 shows the XRD pattern of the ZnO film with a thickness of 400nm. This film showed (0002) and (1120) reflections of ZnO along with (002) and (004) reflections of TbAlO3. This indicates that a polycrystalline ZnO film is grown on a TbAlO3 (001) substrate. c-axis oriented film was not obtained. From the AFM observation of this film, the surface roughness and grain size were estimated to be about 25nm and 100nm, respectively.
The PL spectra obtained from samples with various thick nesses are shown in Fig. 3 Figure 4 shows the relationship between the PL intensity of the peak at 543.6nm from the substrates and the ZnO film thickness.
The peak intensity was normalized using the peak intensity of the area where the ZnO layer was not deposited.
When the film thickness was 300nm, the peak at 543.6nm was very slight. This indicates that the optical properties of the film in the range of about 300nm from the surface can be determined from the PL measurements.
The absorption coefficient ce is given by
where I0 is the intensity of a beam of light incident on an ab sorbing medium and I is the intensity transmitted through a thickness x. The absorption coefficient of the ZnO film for light with a wavelength of 325nm is determined from this equation by assuming the following: (1) the emission inten sity of TbAlO3 is proportional to the intensity of the He-Cd laser beam that reaches the substrate; (2) the reflections at the interface are negligible; (3) the absorption in the visible region by ZnO is negligible; (4) the UV emissions from the ZnO film do not excite the emissions from the substrate. 
